ABSTRACT The increased risk of lung cancer among foundry workers is assumed to be associated with the inhalation of gaseous and particle bound polycyclic aromatic hydrocarbons (PAH). These compounds are produced during pyrolysis of carbon containing loading material in the moulding sand. The concentrations of 20 PAH, some of which are carcinogenic, have been determined in the dusty casting area of an iron foundry by means of gas chromatography and mass spectrometry. The total dust was fractionated by means of a precision cascade impactor. It was possible to differentiate the PAH load in Mug/mg dust in seven particle size fractions ranging from 0-36-> 24 95 gm. Initially, there was an increase of the adsorbed PAH mass concentration with increasing particle diameter up to a maximum of 1 1 Mg/mg in the dust of the 1-57 gm fraction. Thereafter there was a continuous decrease of PAH mass concentration with increasing particle size. When the differing weights of the seven fractions are taken into account, however, the total PAH load of the individual fractions increases steadily with increasing particle size. The inhalable fine dust, 31.4% of the total dust, contains 49 9% of the total adsorbed PAH. The gas phase contained on average three times more carcinogenic PAH with four and five rings than was adsorbed on the dust. Thus the percentage of the gaseous substances amounts to 77% of the total PAH load at the place of work in an iron foundry.
the PAH load in Mug/mg dust in seven particle size fractions ranging from 0-36-> 24 95 gm. Initially, there was an increase of the adsorbed PAH mass concentration with increasing particle diameter up to a maximum of 1 1 Mg/mg in the dust of the 1-57 gm fraction. Thereafter there was a continuous decrease of PAH mass concentration with increasing particle size. When the differing weights of the seven fractions are taken into account, however, the total PAH load of the individual fractions increases steadily with increasing particle size. The inhalable fine dust, 31.4% of the total dust, contains 49 9% of the total adsorbed PAH. The gas phase contained on average three times more carcinogenic PAH with four and five rings than was adsorbed on the dust. Thus the percentage of the gaseous substances amounts to 77% of the total PAH load at the place of work in an iron foundry. Grimmer and B6hnkett and Griest and Caton."2 PAH profile analyses were carried out by gas chromatography/ mass spectrometry using reference standards.
Results
The density necessary for determining the particle size of the airborne dust samples is 1-69 g/m3. A total of seven fractions were separated from the whole dustthat is, total respirable dust-obtained at the site where the castings are shaken out of their moulds. Their particle size and weight distributions are reported in table 1.
The total dust concentration (mean + SD) was 9-58 + 4-72 mg/m3. The amount of fine dust-that is, dust which may reach the alveoli and be exhaled again-was about 31% of the total dust. Previous measurements at the same site yielded fine dust mass concentrations of 3-01 + 1 50 mg/m3.2
Gas chromatographic/mass spectrometric analysis resulted in the identification of 20 PAH, in both the particulate matter and in the gaseous phase. These 835 substances possess differing carcinogenic and mutagenic activities (table 2) .
Neither the b-, j-, and k-isomers of the benzofluoranthene nor chrysene and triphenylene can be separated by gas chromatography. The fact that these isomers have equal molecular weights and similar fragmentation patterns mean that they cannot be differentiated by mass spectroscopy. The two groups are therefore reported as the sums of their respective isomeric components. Figure 1 shows the total amount of PAH of the seven particle size fractions in pg PAH/mg dust fraction. At first, the mass of PAH adsorbed increases with increasing particle size. The fraction with a mean particle size of 1-57 pm has the highest content of around 1 1 pg PAH/mg dust. With further increase in particle size, the adsorbed PAH load continuously decreases. The ) 24-95 pm fraction has the lowest PAH concentration with 0-28 pg PAH/mg dust.
The percentage distribution of five selected PAH,22 distributed among the seven particle size fractions shows little deviation from that of all 20 PAH taken together (fig 2) . Thus the concentration of a particular compound is similar throughout the whole particle size spectrum.
The PAH distribution is different, however, when the weight of the seven particle size fractions is taken into account ( fig 3) . As may be seen, except for the 6-26 pm fraction, the total mass of the 20 PAH in the individual fractions increases with increasing particle size.
The weights of the individual fractions are decisive for this. Thus the 0-36 pm dust fraction contains 1 84% which is 0 77 pg of the complete PAH mass of 41-94 pg adsorbed on 100 mg total dust. The >24 95 pm fraction contains 29-95%-that is, 12-56 pg PAH. The fine dust, which is 31-4% of the total dust, contains 49-9% of the total mass of PAH adsorbed. Table 3 shows the concentrations of the particleadsorbed polycyclic aromatic hydrocarbons. These show that the fine dust contains almost 50% of the total PAH, both for the individual compounds and for the total mixture. The gas phase PAH concentrations are also listed. There were striking differences in some cases between the PAH concentrations in the particulate and gas phases. For example, the concentration was about 100 times higher for anthanthrene in the gas phase than in the particle phase. Four of the five selected PAH22 show similar trends, although they are less clear than in the case of anthanthrene. The PAH concentration is distributed about 3:1 in the gaseous and particle adsorbed phases. Table 3 Concentrations of20 gaseous and dust adsorbedpolycyclic aromatic hydrocarbons (PAH). Those [a + b] fluorene and chrysene/triphenylene that the concentrations were higher in the particulate matter than in the gas phase. The PAH with four and more rings, which are those of importance with respect to carcinogenicity, occur on average about 70% in the gas phase; 77% of the total PAH exposure at the workplace occur in the gas phase. At workplaces other than foundries these compounds could not be detected or were present only in insignificant concentrations in the gas phase as a result of low vapour pressure and because of a high degree of adsorption.26
An explanation for this fact may be found in the method used to shake out the castings. On site, the particles of sand still have a relatively high temperature of about 600-700'C thus inhibiting adsorption. It is here that the gaseous PAH predominate.
Particle size distribution is crucial for deposition in the various regions of the respiratory tract and only particles with an aerodynamic diameter of less than 7 um are deposited in the alveoli. Therefore the question of particle size distribution and the amount of adsorbed PAH is of interest for the assessment of medical risk. The size associated distribution of the total PAH mass must be evaluated critically, how- The question of possible localisation of cancer is of special importance. It is assumed that the fraction of dust deposited in the tracheobronchial tree is associated with lung cancer and that the dust fraction deposited in the nose, pharynx, and larynx is associated with laryngeal cancer. These dust fractions contain only about 15% of the total PAH mass.
There 
